INTRODUCTION
Thermal conductivity of liquid plays a vital role on heat transfer performance as well as very influential on heating and cooling processes for industrial applications over past decades. Nowadays, modern nanotechnologies make it possible to produce nano-sized particles. The suspension of nanoparticles into base fluid produces nanofluid [1] . The purpose of suspending the nano-sized solid particles in fluid is to increase thermal performance because of the thermal conductivity of solid is typically higher than that of liquids according to Wang and Majumdar [2] . They also considered that nanofluids can be the next generation heat transfer fluids as they offer interesting new possibilities to enhance heat transfer performance as compared to pure liquid. Gupta et al [3] stated many benefits and applications of nanofluids that will continue to grow and it also appear promising for the future technology, although the development of the field faces several barriers before their full potential are fully understood in details.
Wen and Ding [4] studied the formulation of nanofluids and its application under natural convective heat transfer condition. A comprehensive review on the research progress upon natural convective heat transfer of nanofluids by considering both experimental and theoretical studies are done by Haddad et al [5] . Then, they also studied about natural convection of nanofluid by considering the role of Brownian motion and thermophoresis effects on heat transfer as well as in comparison with the case where both of the effects are neglected. They found that higher heat transfer is found when Brownian motion and thermophoresis effects are considered [6] .
A problem involving natural convection flow of a nanofluid over a vertical plate with a constant heat flux was investigated by Khan and Aziz [7] by using a combined similarity-numerical approach. After that, Aziz and Khan [8] again used the same approach to study the natural convective boundary layer flow of a nanofluid over a vertical plate with a convective boundary condition. Kuznetsov and Nield [9] studied analytically the influence of nanoparticles on natural convection boundary layer flow past a vertical plate by taking into account the effects of Brownian motion and thermophoresis. Then, they revised the problem so that the nanoparticle volume fraction on the boundary is considered passively rather than actively controlled [10] .
The problem Cheng-Minkowycz is a classical problem on natural convection in a porous medium past a vertical plate. Na and Pop [11] presented a numerical solution for Cheng-Minkowycz model arising in free convection flow in porous medium using the method of perturbation series in combination with Shanks transformation. Later, Nield and Kusnetsov [12] analytically studied the Cheng-Minkowycz problem for natural convective boundary layer flow in a porous medium saturated with nanofluid. Then, they revisited the problem and extended it to the case where the nanoparticle volume fraction is considered passively instead of actively controlled [13] .
In this paper, we referred the Cheng-Minkowycz problem of free convection boundary layer nanofluid flow in a porous medium studied by Kuznetsov and Nield [13] . They provided figures to demonstrate plots of dimensionless similarity functions and one table of linear regression coefficients and error bound for the reduced Nusselt number. Therefore, this paper gives exact difference where we considered the problem numerically under influence of zero flux which is known as passive control, and the velocity, temperature and nanoparticles volume fraction distributions as well as the effect of heat transfer and mass flux are graphically presented and are discussed.
PROBLEM FORMULATION
A two-dimensional problem of laminar, incompressible flow of nanofluid is considered. The suspended nanoparticles and the base fluid are in thermal equilibrium and the nanoparticles are occupying a fraction of the whole mixture volume. The selected coordinate frame is where x-axis aligned vertically upwards and a vertical plate is considered at . The temperature and the nanoparticle volume fraction take constant value and , respectively at the boundary. The surrounding values where of and are denoted by and , respectively. The Oberbeck-Boussinesq is applied. Homogeneity and local thermal equilibrium in the porous medium is assumed where the porosity and permeability of the porous medium is denoted by and , respectively. Therefore, the governing equations under the usual boundary layer assumptions for continuity, conservation of momentum, energy and nanoparticles volume fraction are [13] :
where and are the density of the fluid and the particles respectively, is the viscosity of the fluid, is the volumetric expansion coefficient of the fluid, is the gravitational acceleration, is a thermal diffusivity, is the ratio of effective heat capacity of the nanoparticles material to heat capacity of the fluid, is the Brownian diffusion coefficient and is the thermophoretic diffusion coefficient. The boundary conditions for the considered problem are:
at (6) as .
Now, we also introduce the similarity transformation where the governing equation (2), (4) and (5) can be transformed to a set of nonlinear ordinary differential equation by presenting the non-dimensional variables:
.
Introducing the stream function which is defined by:
Using equation (9), the following nonlinear ordinary differential equations with the transformed boundary conditions (6) and (7) are obtained: 030020-2 (10) (11) (12) subject to (13) .
From the above equations, ) is the buoyancy ratio, is the Lewis number, is the Brownian motion parameter and is the thermophoresis parameter. The Nusselt number, for the heat transfer of the moving fluid and the Sherwood number, for the mass transfer of the fluid concentration at the surface are defined by: (15) where is the effective thermal conductivity of the porous medium, is the wall heat flux and is the wall mass flux. They can further be written in non-dimensional form as follows: (16) On the other hand, the reduced Sherwood number for passive control is identically zero and follows the reduced Nusselt number accordingly due to the last condition in (7) . Then, we used the term and for reduced Nusselt number and reduced Sherwood number, respectively.
METHOD OF SOLUTION
A shooting technique is utilized to convert the boundary value problem (BVP) in equations (10)- (14) into the initial value problem (IVP). Suitable finite values for the far field boundary condition as are assumed. The system of differential equations (10)- (12) 
RESULTS AND DISCUSSION
To ensure that the numerical results obtained are accurate, consis tent and reliable, validation of the results is vital. Because of that, comparisons between the present and previous results are made. Currently, numerical results on the model or similar simplified model from previous authors do not exist. Only graphical results are provided by Kuznetsov and Nield [13] . We can say that our results ( ) agree well with the results of Kuznetsov and Nield [13] which are presented graphically in Figure 1(a)-(d) by Kuznetsov and Nield [13] .
After that, the numerical values of reduced skin friction coefficient, reduced Nusselt number and reduced Sherwood number for passive control are listed in Table 1 for various values of R, Nb and Nt with fixed value of Le. From the table, we can see as buoyancy ratio increases, the heat transfer performance is enhanced and the same thing happens as the Brownian motion rises. Oppositely, thermophoresis decrease s the rate of heat transfer. Furthermore, both buoyancy ratio and Brownian motion increase the mass flux. Contradictorily, when thermophoresis increases, the mass flux is decreasing. Figure 1 , the velocity profile is decreasing but the temperature and nanoparticle volume fraction distributions act oppositely. It is observed from Figure 2 that a rise in Brownian motion produces an increase in both temperature and nanoparticle volume fraction distributions as nanoparticles collide with each other and with the fluid molecules randomly emitting more heat and make the nanoparticles more scattered around. The velocity profile is decreasing as the Brownian moti on increased. On the other hand, a rise in thermophoresis decreases the temperature and nanoparticle volume fraction distributions but for velocity profile the effect is countered as visualized in Figure 3 . Moreover, when the Lewis number is increased in Figure 4 , the nanoparticle volume fraction distribution is also increased at first but then rapidly decreasing. Then, an increase on Lewis number, decreases the temperature profile. On the contrary, the velocity profile is increasing as the Lewis number getting higher.
